2 H spectra
Fig. S2 displays the 2 H spectra of static (non-spinning) samples obtained with the quadrupolar echo pulse sequence, (π/2) x -τ 2 -(π/2) y -τ 3 -detect. Typical experimental parameters included: pulse length ≈ 2 µs; τ 2 , τ 3 ≈ 50 µs; and cooling gas temperature of -50 o C. All spectra had a Pake doublet with ∆ν Q ≈120
kHz that is assigned to -CD 2 . The D10 and D54 samples had an additional doublet with ∆ν Q ≈30 kHz that is assigned to -CD 3 . Figure S2 . The T 1 relaxation times of lipid 2 H in HFP_F8 C samples were determined under both static conditions and 10 kHz MAS (Table S1 ). The pulse sequence was inversion-recovery followed by a quadrupolar-echo, π -τ 1 -(π/2) x -τ 2 -(π/2) y -τ 3 -detect. Spectra were acquired for different τ 1 with fixed τ 2 and τ 3 . The spectral echo intensity was typically fitted well by:
Lipid 2 H T 1 determination
where I 0 , ∆I, and T 1 are fitting parameters and respectively correspond to
and 1/(longitudinal 2 H relaxation rate). For the D10 sample under MAS, separate -CD 2 and -CD 3 contributions to I(τ 1 ) were considered with distinct T 1(CD2) and T 1(CD3) :
For a MAS spectrum, the I(τ 1 ) was the sum of integrated centerband and sideband intensities. For a static spectrum, individual I CD2 (τ 1 ) and I CD3 (τ 1 ) were typically measured because the -CD 2 and -CD 3 Pake doublets were resolved and separately integrated. Figure S4 . Experimental (∆S/S 0 ) of HFP + D4 samples. For HFP_G5 C , the (∆S/S 0 ) ≤ 0.1 for all τ which is consistent with r ≥ 9 Å. This limit is based on an expected (∆S/S 0 ) of ~0.2 for r = 9 Å and τ = 48 ms. For HFP_F8 C , the (∆S/S 0 ) ≈ 0.15 for all τ and is attributed to the contribution of the natural abundance lipid 13 CO nuclei for which r ≈ 2 Å (Fig. S1B ). The used for the helix sidechain dimension, a and (9 Å -b) are respectively 3 and 7 Å. For the minor location, the triangle could be inverted so that the A11 13 CO nucleus is 11 Å from the membrane center. However, this possibility is unlikely because two of the lysine sidechains would be located in the membrane hydrocarbon core.
REDOR buildups of other samples
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